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Description 



[0001] The present invention relates to a method and 
apparatus tor giving vibration to molten metal in twin roll 
continuous casting machine. 

[0002] In a twin roll continuous casting machine, 
between upper surfaces of opposite ends of a pair of 
rolls arranged horizontally and in parallel with each 
other, seal plates called side dams are abutted to con- 
fine a melt pool above a nip between the rolls. Molten 
metal is supplied to the pool and is solidified on the roll 
surfaces. The rolls are rotated under this condition so 
that solidified shells formed on the roll surfaces are 
pulled down together to directly cast a strip. 
[0003] Fig. 7 represents a conventional twin roll con- 
tinuous casting machine. As shown in the figure, a pair 
of rolls 1 and 2, which are internally coolable, are 
arranged horizontally and in parallel with each other 
with a predetermined nip. Between upper surfaces of 
opposite ends of the rolls 1 and 2, seal plates called 
side dams 3 are abutted to confine a melt pool 4 above 
the nip between the rolls 1 and 2. 
[0004] In order to supply the molten metal 5 to the pool 
4. a tundish 6 is arranged above the pool 4 and has a 
pouring nozzle 7 protruded from the tundish 6 to the 
pool 4. 

[0005] Further, an inert gas chamber 8 is provided 
under the tundish 6 to surround the pool 4. The cham- 
ber 8 is partitioned into upper and lower portions by a 
straightening plate 9 such as punched plate and has 
inert gas inlets 1 1 arranged in the chamber 8 at posi- 
tions above the plate 9 so as to supply inert gas 10 such 
as nitrogen or argon gas to the chamber for prevention 
of the molten metal 5 in the pool 4 from being oxidised. 
[0006] Reference numeral 1 2 denotes solidified shells 
on the surfaces of rolls 1 and 2; and 13, a produced 
strip. 

[0007] Thus, the molten metal 5 in the tundish 6 is 
supplied to the melt pool 4 via the nozzle 7 and is solid- 
ified on the surfaces of the rolls 1 and 2. Under this con- 
dition, the rolls 1 and 2 are rotated in the direction of the 
arrows shown in the figure so that the solidified shells 
1 2 formed on the surfaces of the rolls 1 and 2 are pulled 
down together to continuously cast the strip 13. 
[0008] Disadvantageously in the conventional twin roll 
continuous casting machine as described above, the 
produced strip 13 is so thin in thickness that its produc- 
tion yield per machine is lower than that of an ordinary 
slab continuous casting machine. For the purpose of 
increasing the production yield, measures are being 
taken into consideration such as designing a twin roll 
continuous casting machine itself in larger size or 
enhancing the productivity through drastic enhance- 
ment of the solidification efficiency and increase of 
rotating velocity of rolls. There is, however, limitation in 
terms of facilities and equipment to make a large-sized 
twin roll continuous casting machine and therefore there 
are strong demands on technical development of 



enhancing the solidification efficiency for enhanced pro- 
ductivity. 

[0009] As means or measure for enhancing the solid- 
ification efficiency of molten metal, it has been reported 

5 in recent years that high frequency vibration of about 5 
to 10 kHz applied to molten metal remarkably enhances 
the solidification efficiency of the molten metal. The 
inventors have studied application of such solidification 
behaviour of molten metal to a twin roll continuous cast- 

10 ing machine. 

[0010] In attempt of mechanically vibrating the rolls 1 
and 2 with respect to the molten metal 5 in the melt pool 
4, mechanically vibrating the rotating rolls 1 and 2 has 
been proposed according to WO 94/12300 but is diffi- 

15 cult to carry out. It is, therefore, practically impossible to 
mechanically vibrate with very small amplitude in the 
order of microns to produce high frequency vibration of 
about Stoic kHz. 

[0011] US-A-4523628 described radially vibrating 
so molten metal in a casting mould by simultaneously 
applying a stationary magnetic field by a DC coil pro- 
vided at the top of the mould, and a variable magnetic 
field by an annular AC coil surrounding the mould, 
thereby to vibrate the entire mass of metal. For a contin- 
25 uous caster the use of several DC and AC coils 
arranged alternately along the path of the solidifying 
metal is proposed. 

[0012] The present invention was made in view of the 
above and has its object to provide a method and an 
30 apparatus for giving vibration to molten metal in a twin 
roll continuous casting machine in which high frequency 
vibration can be applied efficiently and effectively to 
molten metal in a melt pool to enhance solidification effi- 
ciency of the molten metal. 

35 

SUMI\yiARY OF THE INVENTION 

[0013] Accordingly, the present invention provides a 
method for giving vibration to molten metal in a twin roll 

40 continuous casting machine, characterised in that, 
vibration is imparted to an edge margin of molten metal 
along a meniscus defined by the molten metal of the 
casting pool by applying simultaneously a DC magnetic 
field and an AC magnetic field at and along the menis- 

45 cus thereby generating induction current in the molten 
metal, and giving high frequency vibration to said mol- 
ten metal edge margin by Lorentz's force due to interac- 
tion of said induction current with said DC magnetic 
field. 

50 [0014] The present invention also provides apparatus 
for giving vibration to molten metal in a casting pool of a 
continuous casting machine having at least one roll 
characterised in that an AC electromagnet is arranged 
substantially directly above a meniscus defined by the 

55 molten metal in a casting pool and a casting surface of 
said at least one roll over the length of the meniscus 
such that magnetic fluxes run sitostantially perpendicu- 
lar to a surface of said molten metal and a DC electro- 
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magnet is arranged over the length of said AC 
electromagnet ^ch that niagnetic flux^ run substan- 
tially perper^icular to the ^rface of the molten metal 
ther^y to induce high frequency relative vibratory 
movement between the molten metal of the casting pool 5 
and the casting surface of said at least one roll along the 
meniscus. 

[001 5] Preferably, the AC and DC electromagnets are 
held by v\ater-cooled jack^s, respectively. 
[001 6] Therefore, in the method for giving vibration to 10 
molten metal in a twin roll continuous casting machine 
according to the present invention, electromagnetic 
forces can be utilised to apply high frequency vibrations 
on non*contact basis to the molten metal in a melt pool. 
As a result, remarkably improved is solidification effi- is 
ciency of the molten metal, in particular, initial solidifica- 
tion efficiency near the meniscus. 
[0017] In the afparatus for giving vibration to molten 
metal in a continuous casting machine according to the 
present invention, the DC electromagnet is energised to 20 
apply the DC magnetic field to the molten metal in the 
molten metal pool and the AC electromagnet is ener- 
gised to apply the AC magnetic field near the meniscus 
of said molten metal and the casting surface or sur- 
faces. As a result, irduction cxirrent (eddy current) run- 25 
ning axially of the rolls, which is generated in the molten 
metal by said AC magnetic field, interacts with said DC 
magnetic field to generate Lorentz*s force in horizontal 
direction perpendicular to the direction of magnetic 
fluxes of the DC magnetic field and perpendicular to the 30 
flowing direction of the induction current according to 
Fleming's rule, and the molten metal is vibrated with 
high frequency in accordance with AC frequency by 
Lorentz*s force. 

[0018] Further, when the AC and DC electromagnets 35 
are held by water cooled jackets, respectively, the AC 
and DC electromagnets can be protected from heat of 
the molten metal. 

[001 9] The AC electromagnet may comprise an elon- 
gated comblike core having an elongated plate-like 40 
body and a plurality of equispaced projections extend- 
ing from a longitudinal edge thereof and an AC coll 
wound around the outer periphery of the core. 
[0020] In an alternative embodiment, the AC electro- 
magnet may comprise a plurality of rod-like cores, each 45 
core having an AC coil wound cylindrical ly there around. 
[0021] The present invention further provides a 
method of continuously casting metal strip comprising: 

introducing molten metal into a nip between a pair so 
of parallel casting rolls via metal delivery means 
disfX)sed above the hip to create a casting pool of 
molten metal supported on casting surfaces of the 
rolls imm^iately above the nip; 
counter-rotating the casting rolls to deliver a solidi- ss 
fied metal strip downwardly from the nip; and 
applying high frequency vibratory movement to the 
molten metal of the casting pcxjA, characterised by 



applying simultaneoi^y a DC nrngnetic field and 
an AC magnetic field to edge margins of the molten 
metal of the casting pool ext^ing along a menis- 
cus defined by the molten metal of the pool and the 
casting surfaces of the rolls to induce high fre- 
quency relative vibratory movement between the 
molten metal of the casting pool and the casting 
surface of tiie rolls along the meniscus. 

[0022] Preferably tfie AC magnetic field is applied 
near the menisojs defined by the molten metal of the 
casting pool and tie casting surlace of the rolls by 
means of a pair of AC electromagnets, each AC electro- 
magnet being disposed above the meniscus of each 
respective roll and extendng substantially parallel 
tiiereto. the DC magnetic field being applied by DC elec- 
tromagnet elements arranged above the AC electro- 
magnets. 

[0023] The present invention furtiier provides appara* 
tus for continuously casting metal strip comprising a pair 
of parallel casting rolls forming a nip between them, 
metal delivery means for delivery of molten metal into 
the nip between the casting rolls to form a casting pool 
of molten metal supported on casing roll surfaces imme- 
diately above the nip, roll drive to drive he casting rolls 
in counter-rotational direction to produce a solidified 
strip of metal delivered downwardly from the nip. and 
vibration means operable to induce high frequency rela- 
tive vibratory movement between tiie molten metal of 
tiie casting pool and the casting surfaces of the rolls, 
characterised in that the vibration means comprises 
means to provide an AC electromagnet field and means 
to provide a DC elecfromagnet field, said AC electro- 
magnet means being arranged substantially directly 
above an edge margin of the molten metal of the casting 
pool and extending along the length of a meniscus 
defined by the molten metal of the casting pool and the 
casting surfaces of tiie rolls such that magnetic fluxes 
run substantially perpendicular to the surface of the 
molten metal, and said DC electromagnetic means is 
arranged over the length of said AC electromagnetic 
means such that magnetic fluxes run sut^antially per- 
pendicular to the surface of the molten metal. 
[0024] Preferably the AC electromagnet means com- 
prises a pair of substantially parallel spaced apart AC 
electromagnets with each AC dectromagnet being 
arranged sutsstantially above the respective meniscus 
defined by the molten metal of the casting pool and ttie 
casting surfaces of each roll over the length of the 
menisci^. 

[0025] Each AC electromagnet may comprise an elon- 
gate comb-like core having an elongated plate-like 
body and a plurality of equispaced projections extend- 
ing from a longitudinal ajge thereof, and an AC cca\ 
wound around the outer periphery of the core. 
[0026] In an alternative embodiment, each AC electro- 
magnet may a)mprse a plurality of rod-like cores, each 
core having an AC coil wound cylindrically there around. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Embodiments of the present invention will now 
be described in conjunction with the drawings. 

Fig. 1 A front view in section of an ennbodiment of 

the present invention. 
Fig. 2 A perspective view of the AC electromagnet 

shown in Fig. 1 . 
Fig. 3 A enlarged front view tor explaining applied 

direction of Lorentz's force to the molten 

metal. 

Fig. 4 A view for explaining adjustment of flux distri- 
bution in an AC magnetic field by use of a 
non-magnetic screen. 

Fig. 5 An enlarged cross-sectional view of another 
embodiment of the AC electromagnet illus- 
trated in Fig. 2. 

Fig. 6 A perspective view of another embodiment of 
the present invention. 

Fig. 7 A front view in section of a conventional 
apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0028] Figs. 1 to 4 represent an embodiment of the 
present invention. 

[0029] The same components as those shown in Fig. 
7 are referred to by the same reference numerals. 
[0030] Substantially directly above meniscus 14 
(where surface of a molten metal 5 contacts the surface 
of each of rolls 1 and 2) defined by the molten metal 5 in 
a melt pool 4 above the nip between the rolls 1 and 2 
and by each of the rolls 1 and 2, an AC electromagnet 
15 is arranged over the entire length of the meniscus 14 
so that magnetic fluxes run substantially perpendicular 
to the surface of the molten metal 5. Above the AC elec- 
tromagnet 15, a DC electromagnet 16 is arranged over 
the entire length of the AC electromagnet 15 such that 
magnetic fluxes run substantially perpendicular to the 
surface of the molten metal 5. 

[0031] Each AC electronnagnet 15 comprises, as 
shown in Fig. 2, an AC coil which is wound substantially 
horizontally around an outer periphery of an elongated 
plate-like core 26. The core 26 extends axially of the roll 
1 and 2 (only the roll 2 is shown in Fig. 2) and the AC 
coil 1 7 is connected to an AC power source (not shown) 
outside of an inert gas chamber 18 which surrounds the 
coil 1 7. 

[0032] The DC electromagnet 16 comprises a DC coil 
20 which is wound substantially horizontally around 
upper and outer periphery of a pouring nozzle 19 
extending axially of the roils 1 and 2 and which is con- 
nected to a DC power source (not shown) outside the 
chamber 18. 

[0033] Further, in this embodiment, the electromag- 
nets 15 and 16 are held by water-cooled jackets 21 and 



22, respectively, and are cooled by coolant water sup- 
plied to and discharged from each of the jackets 21 and 
22 from and to the outside of the chamber 18. The 
jacket 21 for the AC electromagnet 15 is supported by a 
5 support 23 which extends axially of the rolls 1 and 2 and 
which is fixed at its opposite ends to front and rear walls 
of the inert gas chamber 18. The jacket 22 for the DC 
electromagnet 16 is supported by the nozzle 19 and by 
the bottom of the tundish 6. 

10 [0034] In Fig. 1 , reference numeral 24 represents heat 
insulating material which is used for thermal insulation 
between the nozzle 19 and bottom of the tundish 6 and 
the water-cooled jackets 21 and 22. 
[0035] Thus, the DC electromagnet 16 is energised to 

75 apply DC magnetic field on the molten metal 5 in the 
melt pool 4 and the AC electromagnet 1 5 is energised to 
apply AC magnetic field near the meniscus 14 defined 
by the molten metal 5 and each of the rolls 1 and 2. 
Then, induction current (eddy current) flowing axially of 

20 the rolls 1 and 2, which is generated in the molten metal 
5 by said AC magnetic field, interacts with the DC mag- 
netic field to generate Lorentz*s force in horizontal direc- 
tion (shown by the arrow B in Fig. 3) perpendicular to 
the direction of magnetic fluxes of the DC magnetic field 

25 (shown by the arrow A in Fig. 3) and perpendicular to 
the flowing direction of the induction current (perpendic- 
ular to the paper plane of Fig. 3) according to Fleming*s 
rule. Said Lorentz's force gives vibration to the molten 
metal 5 with high frequency of about 5 to 10 kHz in 

30 accordance with AC frequency. 

[0036] In this case, a non-magnetic screen 25 may be 
inserted as shown in Fig. 4 to adjust magnetic flux dis- 
tribution in the AC magnetic field so as to ensure better 
applied position and intensity of the Lorentz's force. 

35 [0037] Therefore, according to the above embodi- 
ment, electromagnetic forces are utilised to give high 
frequency vibration on non-contact basis to the molten 
metal 5 in the melt pool 4 to thereby remarkably 
enhance the solidification efficiency of the molten metal 

40 5, in particular, initial solidification efficiency near the 
meniscus 14. This enables increase of rotating velocity 
of the rolls, thereby drastically enhancing the productiv- 
ity- 

[0038] Additionally, enhancement of the solidification 
45 efficiency of the molten metal 5 can enhance separabil- 
ity of the solidified shells 1 2 from the surface of the rolls, 
which contributes to improved surface property of the 
strip 13. 

[0039] Further, when the AC and DC electromagnets 
so 15 and 16 are held by the water-cooled jackets 21 and 
22 as shown in the present embodiment the electro- 
magnets 15 and 16 can be protected from heat of the 
molten metal 5, which contributes to drastic enhance- 
ment of durability of the electromagnets 15 and 16. 
55 [0040] Fig. 5 represents another embodiment of the 
AC electromagnet illustrated in Fig. 2. The AC electro- 
nnagnet as illustrated in Fig. 5 comprises an elongated 
comb-like core 36 having an elongated plate-like body 
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and a plurality of equi-spaced projections extending 
from one longitudinal edge thereof, and an AC coW 27 
whidi is wound substantially horizontally around an 
outer periphery of the plate-like body of the core 36, 

[0041] In relation to the amplitude of vibration of the s 
molten metal, it has been found that tiie smaller the 
pitch (p) of the AC magnetic field, the greater the ampli- 
tude becomes. Thus the smaller the pitch between adja- 
cent projections, the more effective the core becomes in 
providing greater amplitude. However too smalt a pitch io 
between projections would lead to a uniform magnetic 
field. It has been found that a projection pitch of 5 mm 
produce an effective vibration of the molten metal of 
the pool. 

[0042] Fig. 6 represents another emtjodiment of the is 
present invention in which the AC electromagnet 15, 
which is arranged substantially directly above the 
meniscus 14 so that magnetic fluxes run substantially 
perpendicular to the surface of the molten metal 5, com- 
prises a plurality of AC coils 37 each of which is wound 20 
cylindrically around a rod-like core 46. Also in this case, 
an AC magnetic field similar to that in the above embod- 
iment can be formed so that irxluction current (eddy cur- 
rent) running axially of the rolls 1 and 2 can be 
generated to give high frequency vibration to the molten 25 
metal 5 in the melt pool 4. 

[0043] It is needless to say that the method and the 
apparatus for giving vibration to molten metal in a twin 
roll continuous casting machine according to the 
present invention are not limited to the above embodi- so 
ments and that various changes and modifications may 
be made without departing from the scope of the claims. 
For example, the means to provide the AC electromag- 
netic field may be in the form of one AC electromagnet 
extending the length of the casting pool. 35 
[0044] According to the method and the apparatus for 
giving vibration to molten metal in a twin roll continuous 
casting machine of the present invention, various 
superb effects as given below can be attained. 

40 

(I) Since electromagnetic forces are utilised to give 
high frequency vibration on non-contact basis to the 
molten metal in the melt pool, solidification effi- 
ciency of the molten metal, in particular, initial solid- 
ification efficiency near the meniscus can be 45 
remarkably enhanced, which enables increase of 
rotating velocity of the rolls to drastically inrprove 
productivity. 

(II) Enhancement of solidification efficiency of the 
molten metal enhances separability of the solidified so 
shell from the roll surfaces, which contribute to 
improved surface property of the produced strip. 

(III) In the apparatus for giving vibration to molten 
metal in a twin roll continuous castirrg machine of 

the present invention, when the AC and DC electro- ss 
magnets are held by the water-cooled jackets, the 
electromagnets can be protected from heat of the 
molten metal, which contributes to drastic enhance- 



ment of durability of the electromagnets, 
Clainns 

1. A method of continuously casting metal strip com- 
prising: 

introducing molten metal (5) into a nip between 
a pair of parallel casting rolls (1,2) via metal 
delivery means (19) disposed above the nip to 
create a casting pool (4) of molten metal (5) 
supported on casting surfaces of the rolls (l ,2) 
immediately above tiie nip: 
counter-rotating the casting rolls (1 ,2) to deliver 
a solidified metal strip (13) downwardly from 
the nip; and 

applying high frequency vibratory movement to 
the molten metal (5) of the casting pool, char- 
acterised by applying simultaneously a DC 
magnetic field and an AC magnetic field to 
edge margins of the moHen metal (5) of the 
casting pool (4) extending along a meniscus 
(14) defined by the molten metal of the pool 
and the casting surfaces of the rolls (1.2) to 
induce high frequency relative vtoratory move- 
ment between the nnolten metal (5) of the cast- 
ing pool (4) arKi the casting surfaces of the rolls 
(1.2) along the meniscus (14). 

2. A method as claimed in claim 1 wherein the AC 
magnetic field is applied along an edge margin of 
the pool extending along a meniscus (14) defined 
by the molten metal (5) of the casting pool (4) and 
the casting surface of the rolls (1.2) by means of a 
pair of AC electromagnets (15), each AC electro- 
magnet (15) being disposed above the meniscus of 
each respective roll (1,2) and extending substan- 
tially parallel thereto and wherein the DC magnetic 
field is applied by means of DC electromagnet ele- 
ments an^anged at>ove the AC electromagnets (15). 

3. A|:paratus for continuously casting metal strip com- 
prising a pair of parallel casting rolls (1 ,2) forming a 
nip between them, metal delivery means (19) for 
delivery of molten metal (5) into the nip between the 
casting rolls (1 ,2) to form a casting pool (4) of mot- 
ten metal (5) supported on casing roll surfaces 
immediately above the nip. roll drive to drive the 
casting rolls in counter-rotational direction to pro- 
duce a solidified strip (13) of metal delivered down- 
wardly from the nip, and vibration means operatsle 
to induce high frequency relative vibratory move- 
ment between the molten metal (5) of the casting 
pool (4) and the casting surfaces of the rolls, char- 
acterised in that the vibration means comprises 
means (15) to provide an AC electromagnet field 
arKi mear^ (16) to provide a DC electromagnet 
field, said AC electronragnet means (15) being 
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arranged substantially directly above an edge mar- 
gin of the molten metal (5) of the casting pool (4) 
and extending along the length of a meniscus (14) 
defined by the molten metal of the casting pool (4) 
and the casting surfaces of the rolls such that mag- 
netic fluxes run substantially perpendicular to the 
surface of the molten metal, and said DC electro- 
magnetic means (1 6) is arranged over the length of 
said AC electromagnetic means (15) such that 
magnetic fluxes run substantially perpendicular to 
the surface of the molten metal. 

4. Apparatus as claimed in claim 3 wherein the AC 
electromagnet means comprises a pair of substan- 
tially parallel spaced apart AC electromagnets (15) 
with each AC electromagnet being substantially 
above the respective meniscus (14) defined by the 
molten metal (5) of the casting pool (4) and the 
casting surface of each roll (1 ,2) over the length of 
each meniscus (14). 

5. Apparatus as claimed in claim 4, wherein the DC 
electromagnet means (16) comprises substantially 
parallel DC electromagnet elements arranged sub- 
stantially above and extending the length of the 
respective AC electromagnets (15). 

6. Apparatus as claimed in claim 4 or 5 wherein the 
AC and DC electromagnets (15.16) are held by 
water cooled jackets (21 ,22), respectively 

7. Apparatus as claimed in any one of claims 4 to 6 
wherein each AC electromagnet (15) comprises an 
elongated comb-like core (36) having an elongated 
plate-like body and a plurality of equispaced projec- 
tions extending from a longitudinal edge thereof, 
and an AC coil (27) wound around the outer periph- 
ery of the core (36). 

8. Apparatus as claimed in any one of claims 4 to 6 
wherein each AC electromagnet (15) comprises a 
plurality of rod-like cores (46), each core (46) hav- 
ing an AC coil (37) wound cylindrically there 
around. 

9. A method for giving vibration to molten metal in a 
twin roll continuous casting machine, characterised 
in that, vibration Is imparted to an edge margin of 
molten metal along a meniscus (14) defined by the 
molten metal of the casting pool by applying simul- 
taneously a DC magnetic field and an AC magnetic 
field at and along the meniscus (14) thereby gener- 
ating induction current in the molten metal (5), and 
giving high frequency vibration to said molten metal 
edge margin by Lorentz's force due to interaction of 
said induction current with said DC magnetic field. 

10. Apparatus for giving vibration to molten metal in a 
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casting pool of a continuous casting machine hav- 
ing at least one roll (1 ,2) characterised in that an AC 
electromagnet (15) is arranged substantially 
directly above a meniscus (14) defined by the mol- 

5 ten metal (5) in a casting pool (4) and a casting sur- 
face of said at least one roll (1,2) over the length of 
the meniscus (14) such that magnetic fluxes run 
substantially perpendicular to a surface of said mol- 
ten metal (5) and a DC electromagnet (16) is 

10 arranged over the length of said AC electromagnet 
(1 5) such that magnetic fluxes run substantially per- 
pendicular to the surface of the molten metal 
thereby to induce high frequency relative vibratory 
movement between the molten metal of the casting 

IS pool and the casting surface of said at least one roll 
along the meniscus. 

11. Apparatus as claimed in claim 10, wherein the AC 
and DC electromagnets (15,16) are held by water- 

20 cooled jackets (21 ,22), respectively. 

12. Apparatus as claimed in claim 14 or claim 15 
wherein the AC electromagnet (15) comprises an 
elongated comb-tike core (36) having an elongated 

25 plate-tike body and a plurality of equispaced projec- 
tions extending from longitudinal edge thereof, and 
an AC coil (27) wound around the outer periphery of 
the core (36). 

30 1 3. Apparatus as claimed in claim 10 or 1 1 wherein the 
AC electromagnet (15) comprises a plurality of rod- 
like cores (46), each core (46) having an AC coil 
(37) wound cylindrically there around. 

35 Patentanspruche 

1. Verfahren zum StranggieBen von Metallband, mit 
den folgenden Schritten: 

40 Einbringen von schmelzflussigem Metall (5) in 

einen Spalt zwischen einem Paar paralleler 
Gie6walzen (1,2) Qber eine Metallabgabeein- 
rlchtung (19), die oberhalb des Spalts angeord- 
net ist, um einen Gie3vorrat (4) aus 

45 schmelzflussigem Metall (5) zu erzeugen, der 

auf den Gief^lSchen der Walzen (1.2) unnrdttel- 
bar oberhalb des Spalts gehalten wind; 
gegenlSufige Drehung der Gie3walzen (1.2). 
um ein erstarrtes Metallband (13) aus dem 

50 Spalt nach unten auszutragen; und 

Aniegen einer hochfrequenten Schwingungs- 
bewegung an das schmelzflussige Metall des 
Gie6vorrats. gekennzeichnet durch glelchzeiti- 
ges Aniegen eines Gleichstrommagnetfetdes 

55 und eines Wechselstrommagnetfeldes an 

Randbereiche des schmelzflussigen Metalls 
(5) des Gie3vorrats (4), die sich entlang einem 
GieBspiegel (14) erstrecken, der durch das 
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schmelzflCissige Metail des GieBvorrats und 
die GieBfldchen der Walzen (1 .2) definiert ist, 
urn entlang dem Gie6spiegel (14) eine hodifre- 
quente RelativsdTwingungsbewegung zwi- 
schen dem schmelzflussigen Metail (5) des 5 
GieBvorrats (4) und den GieSfldchen der Wal- 
zen (1 .2) zu induzleren. 

2. Verfahren nach Anspruch 1. wobei das Wechsel- 
strommagnetfeld entlang einem Randbereidi des 10 
Tumpels, der sich entlang einem Gief^iegel (14) 
erstreckt. der durch das schmelzflussige Metail (5) 
des Giel^orrats (4) und die GieBfldchen der Wal- 
zen (1.2) definiert ist, mlt Hilfe eines Paares von 
Wechselstrom-Elektromagneten (15) angelegt is 
wird, wobei jeder Wechselstrom-Elektromagnet 
(15) oberhalb des GieBspiegel der entsprechenden 
Waize (1,2) angeordnet Ist und sich im wesentli- 
chen parallel dazu erstreckt. und wobei das Gletch- 
strommagnetfeld mit Hilfe von Gleichstrom- 20 
Elektromagnetelementen angelegt vtHrd, die ober- 
halb der Wechselstrom-Elektromagneten (15) 
angeordnet sind. 

3. Vorrichtung zum StranggieBen von Metallband. die 25 
aufweist: ein Paar parallele GieBwalzen (1.2) mit 
einem dazwischen ausgebiideten Spalt. eine 
Metallabgabeeinriditung (19) zur Abgabe von 
schmelzftussigem Metail (5) in den Spalt zvnschen 
den GieBwalzen (1 .2). urn einen GieBvon^at (4) aus 30 
schmeizflussigem Metal! (5) auszubilden. der 
unmittelbar oberhalb des Spalts auf den GieBwal- 
zenfldchen aufliegt einen Walzenantrieb. um die 
GieBwalzen in gegenliufiger Richtung anzutreiben 
und ein erstarrten Metallband (13) zu erzeugen. 35 
das aus dem Spalt nach unten ausgetragen wird. 
und eine Sdiwingungserzeugungseinrichtung, die 

so betrleben werden kann, daB sie eine hochfre- 
quente Relativschwingungsbewegung zwischen 
dem schmelzflQssigen Metail (5) des GieBvorrats 40 
(4) und den GieBfiachen der \A^lzen induziert. 
dadurch gekennzeichnet. daB die Schwingungser- 
zeugungseinrichtung eine Einrichtung (15) zum 
Erzeugen eines Wechselstrommagnetfelds und 
eine Einrichtung (16) zum Erzeugen eines Gleich- 45 
strommagnetfelds auiweist. wobei die Wechsel- 
strom-Elektromagneteinriditung (15) im 
weserrtlichen direkt oberhalb ein^ Randbereichs 
des schmelzflC^igen Metalls (5) des GieBvorrats 
(4) und entlang der L^nge des GieBspiegels (14) so 
angeordnet ist. der durch das schmelzflussige 
Metail des GieBvorrats (4) und die GieBftdchen der 
Walzen so definiert ist daB Magnetftusse im 
wesentlichen senkrecht zur OberflSche des 
schmelzflussigen Metalls verlaufen. und daB die ss 
Gleichstrom-Elektromagneteinrichtung (16) so 
Qber die LSnge der Wechselstrom-Elektromagnet- 
einriditung (15) angeordnet ist daB Magnetflusse 



im wesentlichen senkrecht zur OberflSche des 
schmelzflussigen Metalls verlaufen. 

4. Vorrichtung nach Anspruch 3, wdDei die Wechsel- 
stromElektromagneteinrichtung ein Paar im 
wesentlichen parallele. beabstandete Wechsel- 
strom-Elektron^gneten (15) aufweist. wobei jeder 
Wechselstrom-Elektromagnet im wesentlichen 
oberhalb des entsprechenden GieBspiegels (14) 
angeordnet ist, der durch das schmelzflussige 
Metail (5) des GieBvorrats (4) und die GieBfiache 
jeder Walze (1 ,2) uber die Ldnge jedes GieBspie- 
gels (14) definiert ist. 

5. Vorrichtung nach Anspruch 4. wobei die Gleich- 
strom- Elektronnagneteinrichtung (16) im wesentli- 
chen parallele Gleichstrom-Elektromagnet- 
elemente aufweist, die im wesentlichen oberhalb 
der entsprechenden Wechselstrom-Elektromagne- 
ten (15) angeordnet sind und sidi uber deren 
Ldnge erstrecken. 

6. Vorrichtung nach Anspruch 4 oder 5. wobei die 
Wechselstrom- und Gleichstrom-Elektromagneten 
(15.16) jeweils in einer wassergekuhlten Ummante- 
lung (21.22) untergebracht sind. 

7. Vorrichtung nach einem der Anspruche 4 bis 6. 
wobei jeder Wechselstrom-Elektromagnet (15) 
einen langgestreckten kammartigen Kern (36) mit 
einem langgestreckten plattenartigen Kdrper und 
mehreren, gleichmdBig beabstandeten Vorsprun- 
gen, die von einer L^gskante des Kerns ausge- 
hen, sowie eine um den duBeren Umfang des 
Kerns (36) gewickelte Wechselstrorr^ule (27) auf- 
weist. 

8. Vorrichtung nach einem der Anspruche 4 bis 6. 
wobei jedor Wechselstrom-Elektromagnet (15) 
mehrere stabartige Kerne (46) aufweist. wobei auf 
jeden Kern (46) eine Wechselstromspule (37) zylin- 
derfOrmig aufgewickelt ist. 

9. Verfahren zur Schwingungserzeugung in einem 
schmelzflussigen Metail in einer Doppelwatzen- 
StranggieBmaschine, dadurch gekennzeichnet, 
daB ein Rardbereich des schmelzfli^sigen Metalls 
entlang einem GieBspiegel (14). der durch das 
schmelzflussige Metail des GieBvorrats definiert ist. 
durch gleichzeitiges Aniegen eines Gleichstromma- 
gnetfelds und eines Wechselstrommagnetfelds an 
und entlang dem GieBspiegel (14) in Schwingung 
versetzt wird. wodurch in dem schmelzflussigen 
Metail (5) ein Induktionsstrom erzeugt wird und 
wegen der Wechselwirkung des Induktionsstroms 
mit dan Gleich^ommagnetfeld des schmelzflQssi- 
gen Metalls durch die Lorentz- Kraft in dem Rand- 
bereich eine hochfrequente Schwingung entsteht. 
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10. Vorrichtung zur Schwingungserzeugung in einem 
schmelzflussigen Metall in einer Doppelwalzen- 
StranggieBmaschine mit mindestens einer Waize 
(1,2). dadurch gekennzeichnet da3 ein Wechsel- 
strom-Elektromagnet (15) im wesentlichen direkt 5 
oberhalb eines GieBspiegels (14) angeordnet ist. 
der durch das schmelzflussige Metall (5) in einem 
GieBvorrat (4) und durch eine GieWiache der min- 
destens einen Walze (1,2) uber die LSnge des 
Gie3spiegels (14) so definiert ist, da(3 Magnet- w 
flDsse im wesentlichen senkrecht zu einer Oberfia- 
che des schmelzflussigen Metalls (5) verlaufen, 
und da6 ein Gleichstrom-Elektromagnet (16) so 
uber die Lange des WechselstromElektromagneten 
(15) angeordnet ist. da3 Magnetflusse im wesentii- 15 
Chen senkrecht zur Oberfldche des schmelzflussi- 
gen Metalls verlaufen. um dadurch entlang dem 
GieBspiegel eine hochfrequente Relativschwin- 
gungsbewegung zwischen dem schmelzflussigen 
Metall des GieBvorrats und der Gie(5fISche der min- 20 
destens einen Walze zu Induzieren. 

11. Vorrichtung nach Anspruch 10, wobei die Wechsel- 
strom- und Gleichstrom-Elektromagneten (15.16) 
jeweils in einer wassergekuhlten Ummantelung 25 
(21 ,22) untergebracht sind. 

12. Vorrichtung nach Anspruch 14 Oder Anspruch 15, 
wobei der Wechselstrom-Elektromagnet (15) einen 
langgestreckten kammartigen Kern (36) mit einem 30 
langgestreckten plattenartigen KOrper und mehre- 
ren, gleichmSBig beabstandeten Vorspriingen, die 
von einer Ldngskante des Kerns ausgehen. sowie 
eine um den auBeren Umfang des Kerns (36) 
gewickeite Wechselstromspule (27) aufweist ss 

13. Vorrichtung nach Anspruch 10 Oder 11. wobei der 
Wechselstrom-Elektromagnet (15) mehrere stabar- 
tige Kerne (46) aufweist, wobei auf jeden Kern (46) 
eine Wechselstromspule (37) zylinderfOrmig aufge- 40 
wickelt ist. 

Revendlcations 

1 . Precede de coulee continue d'une bande de m6tal, 45 
comprenant : 

I'introduction de m^tal fondu (5) dans un pince- 
ment entre deux cylindres de coulee paralleles 
(1 , 2) via des moyens de distribution de m^tal so 
(19) disposes au-dessus du pincement pour 
creer une retenue de coul6e (4) de m§tal fondu 
(5) supportee sur les surfaces de coulee des 
cylindres (1.2) imm^diatefnent au-dessus du 
pincement : 55 
la mise en rotation en sens inverse des cylin- 
dres de coulee (1,2) pour produire une bande 
de m^al solidifie (13) sortant du pincement 



vers le bas ; et 

Tapplication d'un mouvement vibratoire de 
haute frequence au m6tal fondu (5) de la rete- 
nue de coulee ; 

Caract6ris6 par Tapplication simultan^e d'un 
channp magn^tique en courant continu et d'un 
chanp magn6tique en courant alternatif aux 
regions de bord du m§tal fondu (5) de la rete- 
nue de coulee (4) s*6tendant le long d'un 
m6nisque (14) d^ini par le m6tal fondu de la 
retenue et les surfaces de coul6e des cylindres 
(1,2). afin d'induire un mouvement vibratoire 
relatif de haute frequence entre le m^tal fondu 
(5) de la retenue de coulee (4) et les surfaces 
de coul6e des cylindres (1 ,2) le long du menis- 
que (14). 

2. Proc^^ selon la revendication 1, dans lequel le 
champ magn6tique en courant alternatif est appli- 
que le long d'une region de bord de la retenue 
s'^tendant le long d'un m^nisque (14) d6fini par le 
m^tal fondu (5) de la retenue de coulee (4) et la sur- 
face de coulee des cylindres (1 ,2), au moyen tfune 
paire d'6Iectroaimants en courant alternatif (15). 
chaque 6lectro-aimant en courant alternatif (15) 
^ant dispose au<lessus du m^nisque de chaque 
cyiindre respectif (1 ,2) et s'^tendant sensiblement 
paralieiement k celui-ci. et dans lequel le champ 
magn6tique en courant continu est appliqu6 au 
moyen d'6l6ments d'6lectro-aimant en courant con- 
tinu disposes au-dessus des electro-aimants en 
courant alternatif (15). 

3. Appareil pour la coulee continue d'une bande de 
m6tal, comprenant deux cylindres de coulee paral- 
leles (1,2) definissant un pincement entre eux. des 
moyens de distribution de m6tal (19) pour amener 
du m6tal fondu (5) dans le pincement entre les 
cylindres de coulee (1.2) de mani6re k former une 
retenue de coulee (4) de metal fondu (5) supportee 
sur des surfaces des cylindres de coulee immedia- 
tement au-dessus du pincement. des moyens 
d'entraTnement de cylindres pour entraTner les 
cylindres de coulee en rotation en sens inverse afin 
de produire une bande de m6tal solidifi6 (13) sor- 
tant du pincement vers le bas. et des moyens de 
vibration agissant pour induire un mouvement 
vibratoire relatif de haute frequence entre le m6tal 
fondu (5) de la retenue de coulee (4) et les surfaces 
de coulee des cylindres, caracterise en ce que les 
moyens de vibration comprennent des moyens (15) 
de creation d'un champ eiectromagnetique en cou- 
rant alternatif et des moyens (16) de creation d'un 
champ eiectromagnetique en courant continu, les- 
dits moyens eiectromagnetiques en courant alter- 
natif (15) etant disposes sensiblement directement 
au-dessus d'une region de bord du metal fondu (5) 
de la retenue de coulee (4) et s'etendant sur la lon- 
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gueur d*un men^ue (14) defini par le metal fondu 
de la retenue de coulee (4) et 1^ surfaces de cou- 
l§e des cylindres. de sorte que les flux magn^th 
ques s'etendertt sensiblement perpendiculairement 
k la surface du m^tal fondu. et les dits moyens elec- 5 
tromagnettques en courant continu (16) sont dispo- 
ses sur la longueur desdits moyens 
^lectromagn^tiques en courant altematif (15) de 
sorte que les flux magn^tk^ues s'etendent sensible- 
ment perpendiculairement a la surface du m^tal 10 
fondu. 

Appareil selon la revendication 3, dars lequel les 
moyens 6lectromagn6tiques en courant alternatif 
ccmprennent deux electro-aimants en courant is 
alternatif (15) sensiblement paralleles et mutuelle- 
ment espac^s. chaque ^lectro-aimant en courant 
alternatif 6tant dispose sensiblement au^essus du 
menisque respectif (1 4) defini par le m6tal fondu (5) 
de la retenue de coulee (4) et la sur^ce de coulee 20 
de chaque cylindre (1 ,2) sur la longueur de chaque 
menisque (14). 

Appareil selon la revendication 4, dans lequel les 
moyens ^lectromagn^tiques en Ck)urant continu 25 
(16) ccmprennent des Elements electromagneti- 
ques en courant continu sensiblement paralleles 
disposes sensiblement au-dessus et s*^tendant le 
long des electro-aimants en courant alternatif res- 
pectifs(15). 30 

Appareil selon la revendication 4 ou 5. dans lequel 
les electro-aimants en courant alternatif et en cou- 
rant continu (15,16) sont tenus par des chemises 
refroidies k Teau (21 ,22); respectivement 35 

Appareil selon une quelconque des revendications 
4^6. dans lequel chaque electro-aimant en cou- 
rant alternatif (15) comprend un noyau allonge en 
forme de petgne (36), comportant un corps allonge 40 
en forme de plaque et une plurality de dents ^ui- 
distantes s*6tendant d partir d'un bord longitidinal 
du corps, et un enroulement en courant alternatif 
(27) enroul^ autour de la peripherie ext§rteure du 
noyau (36). 45 



m^l fondu de la retenue de coulee, par application 
simultan^e d*un champ magnStique en courant 
continu etd*un champ magnetique en courant alter- 
natif k I'endroit et le long du menisme (14 ) afin 
d*engendrer un courant dinduction dans le metal 
fondu (5) et de communiquer une vibration de haute 
fr^uence ^ ladite region de bord du metal fordu 
par la force de Lorentz due a {'interaction dudit cou- 
rant d'induction avec I edit champ magnetique en 
courant continu. 

10. Appareil de communication d'une vibration k un 
metal fondu dans une retenue de coulee d'une 
machine de coulee continue ayant au moins un 
cylindre (1.2); caracter^e en ce qu'un eiectro- 
aimant en courant alternatif (15) est dispose sensi- 
blement directement audessus d*un menisque (14) 
defini par le metal fondu (5) dans une retenue de 
coulee (4) et une surface de coulee dudit au moins 
un cylindre (1,2) sur la longueur du menisque (14) 
de sorte que les flux magnetiques s'etendent sensi- 
blement perpendiculairement k une surface dudit 
metal fondu (5). et un eiectro-aimant en courant 
continu (16) est dispose sur la longueur dudit 
eieclro-aimant en courant alternatif (15) de sorte 
que les flux magnetiques s'etendent sensiblement 
perpendiculairement k la surface du metal fondu, 
afin d'induire un mouvement vibratoire relatif de 
haute frequence entre le metal fondu de la retenue 
de coulee et la surface de coulee dudit au moins un 
cylindre, le long du menisque. 

11. Appareil selon la reverdication 10, dans lequel les 
electro-aimants en courant alternatif et en courant 
continu (5,15) sont tenus par des chemises refroi- 
dies k I'eau (21,22), respectivement. 

12. Appareil selon la revendication 10 ou la revendica- 
tion 11. dans lequel reiectro-aimant en courant 
alternatif (15) comprend un noyau allonge en forme 
de peigne (36). ayant un corps allonge en forme de 
plaque et une pluralite de dents equidistantes 
s'etendant k partir du bord longitudinal du corps, et 
un enroulement en courant alternatif (27) enrouie 
autour de la peripheric exterieure du noyau (36). 



8. Appareil selon une quelconque des revendications 
4^6. dans lequel chaque eiectro-aimant en cou- 
rant altematif (15) comprend une pluralite de 
noyaux en forme de tige (46). chaque no^u (46) so 
ayant un enroulemerrt en courartt alternatif (37) 
enrouie cylindriquement autour de lui. 

9. Procede de communication d'une vibration k un 
metal fondu dans uie machine de coulee continue ss 
k cylir^es jumdes, caracterise en cequ'une vibra- 
tion ^ communiquee k une region de bord du 
metaJ fondu le long d*un m^isque (14) defini par le 



13. Appareil selon la revendication 10 ou 11. dans 
lequel reiectro-aimant en courant alternatif (15) 
comprend une pluralite de noyaux en forme de tige 
(46). chaque noyau (46) ayant un enroulement en 
courant alternatif (37) enrouie cylindriquement 
autour de lui. 
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